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ABSTRACT. In continuation of Ihc earlier work of the author, Die following substances 
have been investigated with a view to dctcrniinc their influence on the constitution of water in 
their aqueous solutions; L1NO3, IviCl, CaCl^ , CaBr^ , NaNOa, NaClOa, NaClC)4 and IICIO4. Tlie 
following are some of the main results observed :
(f) The Raman water-band in solutions is invariably sharper than in the pure solvent and 
is shifted, in general, to higher frequency.
{it) At the same concentration of the salt solutions, there is a progressive shift in the band 
to higher frequency from CaClz to CaBr2 and RiNO  ^ to NaN02, that in the case of the last 
named being the greatest.
(Hi) The close similarity between the bauds at the same water content observed with the 
acid solutioiiB before is not so obvious with the salts.
(iv) The water-band in TICIO4 is particularly sharp a7id shifted most to biglier frequency, 
w hile among the sodium salts studied, tlie band for NaClOi is the lca.st sharp.
(u) The chlorides behave differently from the bromides.
(vi) T h e  position of the intensity maximum of the water-band in .solutions is characteristic 
of the anion and independent of the nature of the cation.
The above results a re  di.scussecl in detail on the basis of a change in waler C‘ iuilibrium 
Hiid of ionic hydration and explanations arrived at. In particular, it has l.cc-n .shown that 
change in water equilibrium is primarily brought about by tlie anion, while changes in the 
.structure of the band due to hydration are mainly due to the cation.
16
T . I N T R O D U C T I O N .
In a previous commimication,'the author has imblished the resulU ofa 
.ktailed study by means ot the Raman effect of the mfluence of a m im te of
strong elcclrolyte.s— both acids and salts on tlie constitution of viatci, when they 
arc dissolved in it. Therein, it has been found that the influence of Uic dissolved 
electrolyte is to invariably sharpen the Raman baud foi watei and shift it in most 
cases towards higher frequency. Further, the diffeieiices noticed in the stnxctuic 
of the band in the solutions of different sub.stanccs when studied at the same 
concentration tended to disapjiear when the water content in them was equalized. 
The results obtained were discussed at length on the basis of the two possible
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causes of the change in the distribution of intensity along the Raman water-band, 
namely, a change in the water equilibrium between the i)roportions of the single 
(H 20)i , double (Il20)2 and triple molecules assumed to exist in water,
and ionic hydration of the molecules of the dissolved substance.
In the above study il has been noticed tliat the behaviour of substances 
containing the chloride ion— hydrochloric acid and lithium chloride were the only 
substances that could be then examined— was peculiar from that of the others, 
and it was, therefore, felt desirable to see whether chlorides alone or halides as a 
class behave in this manner by studying some more substances of this kind. 
I'urtlicr, in order to generalis^e the conclusions arrived at before regarding the 
behaviour of strong electrolytes in their aqueous solutions, some more substances 
of this category have now been investigated,
I
Magat,^ in a recent jiaper, studied the influence of certain strong elecjtrolytes, 
namely some chlorides and nitrates of divalent and tetravalent elements, on the 
structure of the Raman water-band and found that the 3:^ 00 c m c o m p o n e n t  is, 
in general, weakened as compared with the second component at 3400 c m y , that 
its displacement primarily depends on the nature of the anion, the \cation 
exercising little influence, and that it was small for chlorides and large for nitrates. 
The author is interested more witli a satisfactory interpretation of the results 
obtained than with a mere cmimeration of them, and has, in addition to chlorides 
and nitrates, studied other typical electrolytes under higher concentrations, the 
results obtained with which are described in tlie succeeding pages of this 
communication. #
2 . E X  P B R I M R N T A Iv .
The experimental arrangement employed in the present investigations was, 
in most cases, that described in an earlier paper,  ^ Sometimes, a number of 
lillcring solutions had to be tried before a spectrum could be obtained without 
any continuous background, which was often so great in the imfiltered incident 
radiation as to make it almost impossible to ol t^ain any reliable results. In this, 
as also ill the previous study on this subject, the water-band excited by the 
3650-63A group of meremy lines was employed for reasons explained in Part 1 of 
this investigation. Further, the study was confined to those substances which 
dissolve to high concentrations— SN and above— as it was only then that 
unambiguous results as to the influence of the dissolved substance on the 
constitution of the solvent could be obtained. And, as very few substances 
dissolve to such high concentrations, the choice has to be limited only to those 
which are very highly soluble. Of these again, those substances which photo- 
chemically dissociate on exposure to the ultra-violet radiation from the mercury 
arc, r.g., potassium iodide, and those which are naturally deeply coloured, 
hydrobromic acid, had to be left out for obvious reasons.
3 . R E S U L T S .
Figure i  gives the intensity curves of the Raman water-hand excited hy the 
3650A. group in solutions of the two salts, lithium chloride and nitrate, when 
studied at the same concentration, vie., 8N. The curve for the band in pure 
water is also given for purposes of mutual comparison. The distrilmtion of 
intensity along the water-band in the two solutions and pure water is given in 
table I below.
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Intensity curves for the Ranian-water-band in solutions of J,i NO;, and Li CJ at the 
same concentration (8N) and in pure water.
H jO ----------- ; Li NO3, 8N - • - • - ’ - ;  LiCl, 8 N ..................
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T a b l e  1 .
Tiilciisity distribution along the water-band in
1. Pure water. 2. LiNOa, 8N. 3. IJCl, 8N.
Intensity. 5*/ in cm ^
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The folIovvinj:» results are noticeable from an exaiiiinalion of the above 
intensity curves;—
(?) Although the curves for the two solutions arc equally broad, they arc 
relatively shifted with respect to one another, the curve for LiNO;^ l)cing shifted 
as a whole to the side of higher frequency as compared with the curves for 
lithium chloride and pure water.
(ii) As compared with the curve for i>ure water, the lower frequency 
portions of the two intensity curves for the salt solutions arc concave in their 
shape, while the higher frequency branch of the curve for lithium nitrate is 
slightly convex in shape, the corresponding portion of the curve for lithium 
chloride being concave.
(Hi) Although^the positions of the maxima of the band in pure water and 
in lithium chloride solution are more or less in the same position, the lower 
frequency branch of the intensity curve for the latter is shifted to higher frequency 
as compared with that for the former and is decidedly concave in its form.
(id) The bands foi the solutions arc sharper than that in the pure solvenl~~a 
general result noticed in the previous investigations.
The above results are largely similar to those observed with hydrochloric 
and nitric;acids at the same concentration studied in I’art I.
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F ig ure  2
Inlcn.sity curves for the Raman water-band in solution of Li NO3 and LiCl with
the same water content.
n ^ O --------- ; IviNOa, SN- ■ - • - ■ - • -; U C ], /i-2N----------
In figure 2 are given the intensity curves of the Raman water-band in 
solutions of lithium chloride and lithium nitrate having the same watei content 
in any definite volume, together with the curve for pure water. The concentra­
tions of LiNO;^ and lyiCl arc respectively 8N and 4’2N. The distribution of 
intensity along the bands is given in tabic I above. As compared with the curves 
hi figure I at the same concentration of the solutions, the relative shift between 
the curves i$ less in this case, although still considerable, and, further, the lower
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frequency branch of the curve for lithium chloride solution has developed a slight 
convexity at the smaller concentration. The same result is quite obvious from 
figure 3, in which the intensity curves for lithium chloride at the tAvo different 
concentrations are reproduced together with the curve for pure water. 
( )ne more interesting result that is observed from this figure is that the band at 
the lower concentration is slightly narrower than the one at the higher— an 
anomalous result observed before (Part I) in the case of hydrochloric acid.
Ill figure 4 are given the intensity curves for the four acids, hydrochloric, 
sulphuric, nitric and perchloric,— all at the same concentration, 8N. The values 
for the distribution of intensity along the band in the first three cases are taken 
from Part I and for the last is contained in table IT.
P'lGURE 3
Inten.sily curves for the Raman water-band in solutions of biCl at two different
concentrations.
HjO------ ; biCl,/)-qN- IviCl. SN-
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T ahUv II.
Intensity (]istnl)iition along the water-hand in
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In addition to the results noticed in the case ol the first three acids as 
mentioned in Part 1, one remarkable result observed in the case of perchloric acid 
here is that the water-band fur the latter is extremely sharp— in fact the sharpest 
for all the strong electrolytes so far studied —and is shifted to a very consider­
able degree to the side of higher frecincncy, the shift Iieing greater than in tlie 
case of any other substance studied.
Figure 5 gives the intensity curves of the water-band solutions of sodium 
nitrite, lithium nitrate, calcium chloride and bromide, all of them having been 
studied at the same concentration, vt.., bN. The curve for imre vMitcr also 
is reproduced for jiurposes of comi)arisoii. The distribution of intensity 
along tlie hand in the several cases is contained in tables I and III.
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In ten sity  curves fm- the Rtminn wutcr'liam l in st.lutions (jf sails at tlic sntiic
cuncciilriition (SN).
HjO-----; NaNOi, SN- ■ - ■ - • -;
CaP.r2, 8N......; Ca C lj-
Th NOa, SN-
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T able III.
Intensity distribution along the Ratnan water-band in
. CaClj, 8N , 3. CaBr2, 8N.
rill ‘ . Intensity, Sif in rm \ Ill tensity,
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The curves for the other salts studied in the present investigation 
sodium chlorate and iierchlorate) are not given in this figure, as the highest 
concentration at which they are available is less than SN. From an examination 
of the intensity curves in figure 5, the following results arc obtained :—
(7) As compared with the band for pure water, there is a progressive sliift 
in the position as well as the maximum of the band towards liigher frequency 
as we pass from calcium chloride to calcium bromide and lithium nitrate to 
sodium nitrite, the shift in the case of the latter being the greatest.
(a) There is a pronounced convexity in shape in the lower frequency 
branch of the intensity curve for calcium chloride and in the higher frequency 
branch for lithium nitrate.
(Hi) The band for calcium bromide appears to be the sharpest.
Figure 6 contains the intensity curves of the water-band in solutions of 
sodium nitrate, chlorate, and ]:>erchloratc with the same water content in any 
given volume, their respective concentrations being 8N, 7'iN and 6’3N. The 
intensity distribution along the band in the three solutions and pure water is 
given in tables I and II. It is seen from the figure that the bands are shifted
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Intensity enrves lur the Ratnaii water-bonds iji soliilions of salts with the sonic*
water eoJitent,
HgO---- ; NaClOi, 6-3N-------- ...--------
NaClOa, 7 'i N .............. ; Na NO3, 8N..............
towards higher frequency as coiiii^arcd with that for pure water and relative to 
each other, the shift increavSin.q fnmi nitrate to chlorate and from chlorate to 
perchlorate. Further, the water-band for sodium nitrate is the sharpest and 
that for the perchlorate broader than the rest.
In  figure 7 are given the intensity curves of the water-band in pure water 
and in solutions of hydrochloric acid, lithiuni chloride, calcium chloride and
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Tutcnsitv rurvL's iur Ibc Uaiiian vv:iter-bau(ls in solulious of halides at tlie sauu*
('oiiceiitratioii (SN).
IL/.)-
CaClj,
MCI, 8N 
SN..........
- ; SN - • - ■ - - .
CaBrj, SN- —
bromide at the same concentration, vi::., 8N. This study is undertaken with a 
view to sec whether there is any close similarity m the behaviour of all the 
halides as a class— a point raised in Part T of these investigations fi-oiii the 
anomalous behaviour of hydrochloric acid, and to study the respective influence 
of the positive and n^jgativc ions on the constitution of the solvent. It is at 
once seen from the figure that the curves for all the solutions containing the 
chloride ion are more or less very similar, their maxima of intensity occurring 
nearly in the same position for all. There are, however, certain minor difterences
ill ttie sharpness of the curves. The solution of calcium bromide, on the 
other hand, behaves differently from the rest in that its water-band is far sharper 
and is shifted considerably towards hiylier frequency as com])ared with the 
others, thus exhibiting a clear difference again in behaviour amoug the halides 
themselves. Of the chlorides, the curve for calcium chloride solution .shou s a 
deci.sive convexity in shape in its lower frequency branch, while the others 
are concave.
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F i g u r e  8 J
Iiilcnsitv curves for tlic Kaman water-banH in solutions coiitoining the same .mi on
(N (V ) different cations.
II .p ------; NaNOi, 8 N ................ ; Id NO;,,SN
HNO3, <SN...............- - -
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A y in cm“i 
F i g u r e  g
IntciLsily curves of thc‘ Raman water-band in solution containing 
the same anion (CIO4 ), but different cations.
IIjO------; UCK\, 8N - ■ - • - • - ■ - ' ; NaC104 , 6 3 N ............. -
Finally, in figures 8 and g are given the intensity curves of the water-band in 
solutions containing the nitrate ion (HNO;j, NaNO^ and LiNOy) and those 
containing the perchlorate ion (HCK and Na CIO^) with a view to obtain greater 
evidence as to the behaviour of the anion and the cation.
It is seen that, except for minor differences in the sharpness of the bands- 
they are similar, their maxima of intensity occurring in about the same position 
in each figure. This indicates that the behaviour of the water-band in these 
solutions is characteristic of the nature of the anion and is almost independent 
of the cation.
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Table IV  contains tlie positions of the intensity inaxiniuni of the water-band 
in the several solutions studied above.
T abi.u IV
Solution.
W ater
LiNOg
NaN()3
HNO3
TTCl
LiCl
CnCla
CaEr2
LiCl
irciOi
NaClOj
NaClOy
NaNOc,
Co 11 centra lion
SN
8 N
8N
8N
SN
SN
SN
cSN 
h 3N 
7‘i N 
SN 
SN
Position of inlensit}^ 
inaxinunn of Nvaler-baiKl.
3424 cm  ^
347-1
34«o 
3474
34-\S
3430
34 7<^'
34 2 J 
3530 
3S5«
3323
344^>
S U M M A R Y O V R 1C S U h  T S.
The iiiaiii results noticed above may be bricHy summari'/cd as follows: —
(1) The Raman water-band in solutions of ciccloryles is invariably sharper 
than that in pure water— a general result observed in Tart I.
(2) b.xcept in the case of perchloric acid and sodium perchlorate, there is an 
intensification of the central component of the band corresponding to double water 
molecules at the expense of the other two. Tn the case of PTCK)  ^ and NaCK ) ,^ 
however, the third coniponeiit with the higher frecjuency shift corresponding to 
single molecules apj)ears to predominate.
(3) At the same concentration, the intensity curve for lyiNO.  ^ is relatively 
shifted to higher frecpieiicy as compared with that for IviCl, the lower frequency 
branches of both the intensity curves being definitely concave in shape as com­
pared with that for pure water which is convex. The higher frequency
//
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branch of is, however, slightly convex, while that for LiCl is
concave.
(4) The water-band in solutions of litliium chloride is slightly narrower at the 
lower concentration than at the higher—an anomalous result formerly noticed in 
the case of hydrochloric acid.
(5) In the case of the salts at the same concentration, there is a progressive 
shift towards higher frequency as we pass from calcium chloride to calcium 
bromide and lithium nitrate to sodium nitrile, the shift in the case of the last being 
the greatest.
(6) Of the salts, the water-band in the case of calcium bromide appears to be 
the sharpest.
(7) There is a pronounced convexity in the shape of the intensity curve for
calcium chloride on the side of lower frequency and towards higher freqfiency for 
lithiinn nitrate. \
(8) The observed similarity in and Idending togetlier of the intensity curves 
of the water-band in solutions of the acids as described in Part I are not s)^  obvious 
with the salts herein studied, considerable differences between the bands pi^ '^sisting 
even with the same water content.
(g) The behaviour of halides as a class is not similar, the chlorides behaving 
differently from the bromides.
(10) Of the sodiiim salts studied, the water-liand in the case of the perchlorate 
appears to be the broadest.
(n ) The position of the intensity maxiimmi of the water-band is indeijcndciit 
of the nature of the cation, but is characteristic of the anion.
4. D I S C U S S I O N .
The resvrlts obtained in the present investigation, which is a continuation of 
the work published earlier in Part I , seem to be capable of a satisfactory inter­
pretation on the same lines as before, namely, as the cumulative effect of a change 
in water equilibrium between the proportions of the single (H2O), double (Hat^)!! 
and triple (H2O);; molecules, and of the hydration of the ions of the molecules of 
the dissolved substance.
Whereas the former work was primarily concerned with a study under difi'er- 
ent conditions of the influence of the three mineral acids, besides a few salts, on 
the constitution of water, the present one is mostly concerned with a study of 
some of the typical salts w’ith regard to the same aspect of the problem. P'rom a 
comparison of the fesults obtained in the two investigations, it is apparent that 
there are both points of siniilarity and dissimilarity between the acids and the salts 
with regard to their behaviour in aqueous solutions on the constitution of the 
solvent, The fact that the water-band in solutions is invariably sharper than that
in the pui-c liquid and that the central component due to the double molecules is 
intensified shows that there is no dilTeiencc between acids and salts in this res­
pect— all of them, in general, tending to increase the proportion of double mole­
cules at the expense of the other two types, the extent to which they do, of course, 
varying for different substances of the same major group. In fact, in this parti­
cular aspect of sharpening the water-band in solutions, all substances— whether 
strong, weak or non-electrolytes seem to behave in a similar manner, as could be 
gathered from the previous work of the author on the other classes of substances 
also.
From the similarity between the results obtained with addition of electrolytes 
to water and with change of temperature of the pure liquid, it was concluded in 
Part 1 before that the explanation of the former phenomena should, at least in 
part, be based upon the same lines as that i)Ut forward to explain the latter. 
And the latter was explained by Ramakrishna Rao ’^ on the basis of the existence 
of three different types of molecules, namely (HoOlj, (1120)2, and (HoOlu, 
the proportions of which vary with change of temperature. 'Hiat such an ex-
|)laiiation of the changes in the structure of the watcr-l)aiid in solutions on the
Ijasis of a change in water eqiiililn ium is in a large measure true is also
supported by the theoretical work of Bernal and Fowler" who arrived
at a similar conclusion by a different line of attack of the problem from 
considerations of the viscosity of ionic solutions. They put forward the hypo­
thesis of structural temperature in solutions, which they define as that 
temperature at which pure water would effectively have the same inner 
structure. They thus find that in all cases the effect of dissolved ions 
is to increase the structural tempemture of water, which in terms of the author's 
interpretation means a shift ill the band towards higher frequency, and this is 
exactly the experimental result observed in mo.st cases. Fuitliei, the above 
authors find that the effect is much smaller for the chlorides with small ions,
, L,i", Mg  ^*, than for tlio,se with large ions, and this result is again in perfect 
agreement with that of the author, who finds that the shift in the intensity niaxi-
muiii of the band is least in solutions of HCl and LiCl, the position of tlie maxi­
mum almost coinciding with that in pure water, while for the chloride with the 
larger ion, Ca^^, there is a small hut clear shift, although not as much as for the 
other salts. The above result with the chlorides also agrees with the observations
of Magat in the paper referred to before.
From a detailed study of the changes in the structure of the Raman band in 
pure water at different temperatures and in different .states Ramakrishna Rao® 
allocated the three components of the band with intensity maxima at 3417 cm . 
3433 e n r ^  and 3582 cm "', to the three types of molecules (II-iO);,, (HaOja and 
(II2O),. respectively. On this hypothesis, the large intensity of the central 
component together with the diminution in intensity of the other two compo­
nents of the band signifies that the proportion of the double or the so-called
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' water ' molecules is much more than that of the other two types. This 
interpretation is also supported by the observation of Raiiiakrishna Rao 
that dihydrol (H20)2, is decidedly more stable in the liquid state as evi­
denced from its greater preponderance over the other two types in this 
state. Addition of electrolytes seems to contribute to enhance the instability 
of the latter types.
That the change in water equilibrium is not the only cause of the observed 
changes in the structure of the Raman water-band in electrolytic solutions and 
that hydration of the ions plays an important j a^rt as well has been shown in 
Part I. From considerations of the Raman effect of water of crytallization, that 
due to water of hydration has been deduced by the author in a former publica­
tion;'  ^ and that such an interpretation was correct is also supported ly  Bernal 
and Fowler in their paper referred to above, who arrive at the same resijilt as to 
the close similarity between water of crystallization and water of hydration by a 
different line of theoretical reasoning based on the determination of ionic hydra­
tion as governed by Goldschmidt's co-ordination number. Now, the extent to 
which an ion can gather round it molecules of water of hydration ijepends 
primarily on its polarising power, that is, the ratio of its charge to its radius. 
Thus, large monovalent ions will have little effect, while small and highly 
charged ions will have the greatest. Bernal and h o^wler infer from potential 
energy considerations that for univalent ions of radius greater than i-6-A, no 
hydration can occur, while for all mono-atomic polyvalent ions hydration will 
always take place. Thus, the small ions, Bi*", Na'^ MgG\ F “ , should be 
largely hydrated, while the larger ions like R b ', Cs' ,^ Cl“ , Br“ , I", should be 
least affected by water of hydration, and this is amply borne out by a lot of ex- 
perimcnlal evidence. I"rom cojisiderations of apparent ionic volumes and the 
densities of ionic solutions at great dilutions, the above authors conclude that all 
positive ions, except Rb"^ , and NH4, are hydrated, while all negative ions
except ( )I1', and F ” , are not.
This conclusion, viz., that the cations are mainly responsible for the hydration 
effects, while the anions arc for changes in the water equilibrium, is also 
supported from considerations of the electronic theory of valency.^® nf 
the H and O atoms of the water molecule, oxygen has greater co-ordinating 
power and is a better donor of electrons than hydrogen is an acceptor, 
and the presence of a positive charge on an ion (he., a cation) facilitates 
easy co-ordination between the ion and the water molecule.
Further, a few pages later, vSidgwick gives arguments from other evidences 
to show that, in hydrates, water molecules probably exist in pairs, thus furthei 
supporting the conclusion from Raman spectra that the enhancement of the 
central component of the band is due to increase in the number of double 
molecules in almost all solutions.
F rom  experiments based on the transport of ions in aqueous solutions ' > the 
following figures were found for the relative hydrations of ions on the assumption
that the number of molecules of water of hydration for H • is 1; K *. si Na^ 8 -
I ,i^  i 4 :C l - ,  4 Applying Stokes’ law to the mobilities of ions in solutions 1 = 
the following values are found for the relative hydrations of ions at infinite 
dilution: o ; OH ". lo ; Cl" Bi--, ivSO ;-ao; N O ,, 25; A g ' ,  CIO^
35; N a", 70; B i" , 150. From the above data, it is clear that the H ' ion is the 
least hydrated of the smaller ions and the most. In the ease of the I F  ion, 
its abnormally high mobility must also be attributed, at least in part, to its low 
hydration.
hioni the foieg’oiug consideraticms, it is now lo cx[)laiii the results
herein obtained with regard to the changes in the structure of tlie water-l)aiid 
in aqueous electrolytic solutions. In the case of the acidb studied in Part 1 , it 
was found that, at the same water content, the intensity curves of the water-band 
in the difTcrciit solutions became very similar in shnpe and position, the 
differences noticed at the same conceutiation of the solutions having 
disappeared to a very appreciable degree. This was taken as strong evidence 
in favour of the view expressed that the change in water equilibrium 
is the main factor contributing to the observed results in these solutions. 
In  the case of tlie salts, however, lioth in the jiresent investigation as 
well as in the previous one, considerable differences j)crsisted even when 
the water content in them was equalized. These ])henomena are easily 
intelligible when one considers the fact that, in the case of the ac'ids, the 
hydrated I T i o n  is common to all of them, while the negative ion is 
generally hydrated to a negligible degree or not at all. Thus, the deciding factor 
in this case is the change in water equilibrium, and when the water content is 
equalized it is but natural that the water-liand in the several acid solutions should 
be largely similar. In the case of the salts, however, the anions as well as the 
cations are different and almost all the positive ions studied ( Li ' , N a ' , Ca' ') are 
largely hydrated to different degrees, the hydration in the case of L i' being 
highest. Thus in these cases, in addition to change in water equilibrium, hydra­
tion of the ions plays an equally imiiortant role  ^ and, as it is widely different 
for the different ions, it is no wonder that consideralffe differences 
in the structure of the water-band persist even ^vhen the water content is 
equalized.
The result, that the intensity curves for lithum chloride and nitrate at the 
Same concentration (Pig. i)  arc equally broad is thus due to the laigc hydiatiiig 
power of the coiiiinon cation, Li^ I while the relative shift to higher fiequcncy 
of the curve for lithium nitrate, together with the slight Init definite convexity in 
the shape of the higher frequency branch of the intensity curve connotes that the 
proportion of triple molecules is considerably less and that of tlie single gicalei 
than in the chloride solution at the same concentration. As compared with pure
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water, however, the proportion of the trix)le juolcculcs is far le^ ss in botli the 
solutions, as can be deduced from the decidedly concave shape and shift towards 
increasing frccinency of the lower frequency In'anch of their intensity curves, 
'riie deve]oi)irient of a slight convexity in the shape of the lower frequency branch 
of the intensity curve for lithium cliloride at the lower concentration (4-2N) a.s 
compared with tliat at the higher signifies that at the greater dilution there is an 
increase in the pro])ortion of the trijile molecules together with the formation of the 
more com]:)lcx hydrates, the component of the band corresponding to which is 
formed in the region of lower frequency,^*’
The extreme sharpness of the band for perchloric acid as compared with the 
other acids and its very large shift towards higher frequency indicates that the 
proportion of single molecules in this case is far larger than in the case of any 
other substance so far studied^ — in fact, they seem to be greater than the ])ropor- 
tion of even double molecules, the prox)ortion of the more complex tiiple type 
being negligible. Further, the remarkable sharpness of the band in this\ case is 
to be attributed to the almost negligible amount of hydration in this \case as 
compared with the other acids and sodium iierchlorate, the last of which, although 
containing the same anion (CIC);;;’), gives rise to a broader band with the same 
position of the intensity maximum on account of the greater hydrating power of 
the Na  ^ ion.
In the case of the salt solutions studied at the same concentration (Fig. 5), 
the progressive shift to higher frequency as wc pass from calcium chloride to 
bromide and lithium nitrate to sodium nitrile indicates a decreasing proportion 
of the more complex types of water molecules and hydrates in the above order, 
while the proportion of the triifie molecules is less in all of them than in pure 
water, as can be seen from the diminished intensity and shift to increasing 
frequency of the lower frequency branch of their intensity curves. The develop­
ment of a certain amount of convexity in the lower frequency portion of the 
intensity curve for calcium chloride perhaps denotes the presence to a larger 
degree of the more complex hydrates with three and more molecules of water of 
hydration.
The fact that the water-band in the solution of sodium i)crclilorate is broader 
than that in any of the other sodium salts studied indicates that the jn-oportiou of 
hydrates formed in this case is greater— an inference also supported by the 
well known fact that it crystallizes wdtli water of crystallisation whereas the others 
do not.
Figures 7, S, and y show clearly the inlluence of the anion and the cation on 
the structure of the water-band. In each figure, the maximum of intensity of 
tlic water-band falls In the same position, within the limits of experimental error, 
for all the solutions studied under each head, while the sharpness of the bands 
themselves is different for each of the solutions. From what has been discussed 
in the foregoing pages, the obvious explanation of these results is the following :
Tlie position of tlie intensity maximum is characteristic of the negative ton or the 
so called anion and is independent of the nature of the cation. From the facts 
known from other evidences that the negative ions are, with the exception of 
OH” and F ” , generally hydrated to a iicgligihle degree, and from the above 
results from Raman spectra, it appears that change in water equilibrium is 
primarily a function of the anion. On the other hand, the widely divergent 
sharpness of the intensity curves in each of the above figures for solutions with 
the same anion, but different cations, suggests that those differences arise out of 
the different hydrating powers of the several cations, which are generally hydrated 
to a more or less appreciable degree. Thus, while changes due to water eciui- 
librium are to be attributed to the negative ions (anions), changes in the structure 
of the water-band due to water of hydration are to be ascribed in the main to 
positive ions (cations).
In conclusion, the author desires to record his grateful thanks to Dr. 1- 
Ramakrishna Rao for his stimulating interest and advice during the i»rogress of 
the above investigation.
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